The aim of this study was to examine the influence of collagen coating on titanium on the initial attachment of human gingival fibroblasts for the development of the implant with periimplant soft tissue attachment. washed away. The adherent cells were removed from the titanium disks or polystyrene by trypsinzation and the number of adherent cells were counted using a Coulter counter (Nikkaki, Tokyo, Japan). The viable cells in a hemocytometer was counted using the trypan blue dye exclusion assay, and the cell viability was determined from the ratio of the number of viable cells towards the number of initial attached cells. Unstained cells were counted as viable cells. Cell attachment experiments were performed in triplicate.
The data were analyzed by t-test at p=0.05.
Scanning electron microscopy (SEM) observation After incubation of the test materials as described above, culture wells containing test materials were rinsed three times with PBS. Attached cells were fixed with 1% glutaraldehyde for 15 minutes, rinsed three times with PBS, and then fixed with 2% osmium tetroxide for 15 minutes. Fixed cells were taken in stages of 5 minutes each (50%, 70%, 80%, 90%, 95%, 99.9%) to 100% ethanol, dried using critical drying apparatus and ion-coated with gold and palladium. The morphology of cells was observed with a scanning electron microscope (S-2150, Hitachi, Tokyo, Japan).
RESULTS

Fig. 3 shows the number of adherent cells on non-coated or collagen-coated tissueculture polystyrene and non-coated or collagen-coated titanium.
The number of adherent cells on collagen-coated polystyrene was approximately 570cells/cm2 which is identical to that seen in non-coated polystyrene plates. On the other hand, coating of collagen on the titanium surface resulted in a significant increase of adherent cells. The number of adherent cells on non-coated titanium was approximately 450 cells/cm2, and that on collagen-coated titanium was approximately 930cells/cm2. The number of attached cells increased almost two-fold by collagen coating.
The cell viability obtained from trypan blue staining is shown in Fig. 4 . The cell viability was approximately 70% on the different surfaces, i.e. non-coated or collagen-coated polystyrene and non-coated or collagen-coated titanium surfaces, and there were no significant differences among each surface (P>0.05).
SEM pictures of human gingival fibroblasts adhered to different materials are shown in Figs. 5-8. Figs. 5 and 6 show the SEM pictures of attached cells on noncoated and collagen-coated tissue-culture polystyrene, respectively. The SEM pictures revealed the differences in the surface appearances and shapes of attached cells between non-coating and collagen-coated polystyrene, although there was no significant difference among the number of adherent cells. The attached cells on non-coated polystyrene showed a roughened surface appearance, and showed a rounded shape and slight formation of filopodia (thin and stiff protrusions, Fig. 5a, b) . The cells attached on collagen-coated polystyrene showed smooth surface appearance and a Collagen is a well known cell-adhesive protein and is effective in promoting cellular adhesion and spreading. Collagen possesses RGD (arginine-glycine-aspartic acid) sequencescm22-24), which are recognized by integrins such as fibronectin or laminin. It is predicted that the collagen coating of titanium implants will improve the attachment of peri-implant soft tissue to titanium implant materials.
In the present study, human gingival fibroblasts obtained from the primary culture were used to evaluate the effect of collagen coating of titanium on peri-implant soft tissue adhesion. Human gingival fibroblasts actually adhere to the implant surface when the implant is inserted into the tissue. However, there have been few studies related to human gingival fibroblasts assay. It is possible to obtain some useful information for the improvement of the poor attachment of peri-epithelium soft tissues to the implant surface from the results of human gingival fibroblasts assay.
The adhesion of fibroblasts on titanium is a prerequisite for soft tissue integration. In the present study, the number of adherent cells on collagen-coated titanium was significantly greater than that on non-coated titanium.
The previous studies17,18) of osteoblasts reported that collagen coating of titanium accelerated the initial adhesion of osteoblasts.
The findings of the present study suggested that collagen coating of titanium was effective not only for osteoblast but also for human gingival fibroblasts in the enhancement of the initial cell attachment.
Cell viability of human gingival cells was also determined. The higher cell viability means less cyotoxicity.
The viability of cells on non-coated and collagen-coated titanium or polystyrene was approximately 70%, although the number of adherent cells was different. These results suggested that both titanium and polystyrene possessed equal properties in terms of cytotoxicity with or without collagen coating, and that four different surfaces employed in the present study caused no severe cytotoxicity.
The number of adherend fibroblasts was determined after 90-min cell culture. In the clinical situation, it is better to acquire the strong adhesion of peri-implant soft tissue to implant materials as soon as possible. The present study revealed the collagen coating of titanium enhanced the initial attachment of human gingival fibroblasts within 90min of cell culture. Thus, it is expected that collagen coating of titanium implants will improve the attachment of the peri-implant soft tissue to titanium at on early stage after the implantation.
Further studies related to the time for cell culture are needed to clarify the effect of collagen coating on the time after implantation.
There were no effects on the collagen coating of tissue-culture polystyrene toward the initial cell attachment.
It is widely accepted that the cells well attached on the hydrophobic surface. Human gingival fibroblasts attached to tissue-culture polystyrene. Thus, the effect of collagen coating on the number of attached cells was not clearly identified.
However, collagen coating markedly influenced the shape of the attached cells not only on titanium but also on polystyrene.
On the collagen coated titanium or the polystyrene surface, a flattened and spread shape of cells was observed and the presence of lamellipodia and filopodia were clearly recognized. The cells on noncoated titanium or polystyrene showed round shapes, and fewer lamellipodia and filopodia. This suggests that attached cells on collagen-coated titanium or polystyrene exhibited the higher migration ability on non-coated titanium or polystyrene. The improvement in the adherent ability of cells by collagen coating also produce a flattened and spread shape of the attached cells. It revealed that collagen coating was effective for the improvement of the cell activity by SEM observations, although the detailed cell activity such as actin fiber alignment should be investigated by immunostaining techniques.
In the present study, collagen was physically attached to the titanium disk, not chemically attached.
The interface between collagen and the substrate, polystyrene or titanium, was not clear. The interface substance has a possibility to influence the results of the cell culture assay. Williams et al.25) investigated the adsorption and desorption behavior of albumin and fibrinogen on 17 different metal surfaces, and found that in vivo substantial desorption of preadsorbed proteins occurred within 106 hours for most metals. Hayakawa et al.26) developed a simple immobilization technique of surface-adhesive protein on titanium.
The influence of the immobilization of collagen on the titanium surface will be studied in the near future.
Periodontal fibroblasts will also influence the attachment of implants to periimplant soft tissue. The influence of collagen coating on the periodontal fibroblast cell assay should be further investigated.
Finally, collagen coating of titanium enhanced the initial attachment of human gingival fibroblasts and improved the migration activity. Collagen coating of titanium has a possibility to develop a tight attachment of dental implants to periimplant soft tissue.
CONCLUSIONS
Human gingival fibroblasts were cultured on four different surfaces, i.e. non-coated mirror-polished titanium, collagen-coated titanium, non-coated tissue-culture polystyrene, collagen-coated tissue-culture polystyrene.
Collagen coating was effective for enhancing the initial cell attachment on the titanium surface but not on the polystyrene surface by measuring the number of attached cells. The morphological effect by collagen coating was clearly recognized. Many lamellipodia and filopodia were recognized on collagen-coated titanium or polystyrene.
It was revealed that collagen coating improved the activity of human gingival fibroblasts. 
